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(54) Automatic test equipment for testing a device under test 



(57) An electronic circuit (10) for an automatic test 
equipment for testing a device under test is described. 
Two lines (11, 12) are present for connecting the circuit 
with a device under test. Two comparators (CS1, CS2) 
are provided, one input of each of the comparators 
(CS1 . CS2) being connected to different ones of the two 
lines (11, 12). A further comparator (CD) is provided, the 



two inputs of the further comparator (CD) being connect- 
ed to different ones of the two lines (1 1 , 1 2). Each of the 
two lines (11 , 1 2) is terminated. Switching elements are 
provided which are connected between the two lines 
(1 1,12). The switching elements enable the circuit (1 0) 
to be used in different modes, in particular with a single- 
ended termination and with a differential termination. 
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Description 

Background of the Invention 

[0001] The invention relates to an electronic circuit for 
automatic test equipment for testing a device under test. 
[0002] Automatic test equipment is generally known 
and widely used for testing a variety of different elec- 
tronic devices. The test equipment comprises a so- 
called pin-electronic circuit for generating input signals 
to the device under test. This circuit also has to repre- 
sent a correct termination for the device under test and, 
finally, must be capable to analyze the response signals 
from the device under test. 

[0003] As a first possibility, the device under test may 
have one physical signal line for any one of the logical 
signals. This case is called single-ended. In this case, 
the pin -electronic circuit may be terminated e.g. via a 
resistor to a programmable voltage. 
[0004] As a second possibility, the device under test 
has differential output signals, i.e. two lines per signal. 
In this case, the pin -electronic circuit may be terminated 
with one resistor at each line of the differential signal 
wherein the two resistors of the two lines are pro- 
grammed to the same voltage. This is called a differen- 
tial signal operation with single-ended termination. As 
well, the pin-electronic circuit may be terminated with 
one resistor between both lines of the differential signal. 
This is called a differential signal operation with differ- 
ential termination. 

[0005] Due to these different possibilities, different 
pin-electronic circuits and therefore different automatic 
test equipments are necessary for testing the different 
devices under test. This results in increased efforts and 
costs. 

Object and Advantages of the Invention 

[0006] It is therefore an object of the invention to pro- 
vide an improved automatic test equipment, which re- 
quires less efforts and costs. 

[0007] This object is solved by an electronic circuit for 
an automatic test equipment according to claim 1 . 
[0008] The invention provides the advantage that one 
and the same circuit may be used for an independent 
single-ended termination of any of the lines of the device 
under test, for a differential signal operation with single- 
ended termination and for a differential signal operation 
with differential termination. As a result, one and the 
same circuit may be used for different devices under 
test. Or in other words: It is not necessary anymore to 
provide different circuits for these different devices un- 
der test. The effort and the costs in connection with the 
automatic test equipment are therefore reduced. 
[0009] In an embodiment of the invention according 
to claim 2, a diode bridge is used to switch between the 
different modes of the electronic circuit according to the 
invention. This diode bridge has the advantage that the 



automatic test equipment may be implemented for high- 
frequency applications because it can be made on one 
semiconductor chip, which minimizes physical distanc- 
es. 

5 [0010] Further embodiments of the invention are pro- 
vided in the other dependant claims. 

Detailed Description of an Embodiment of the Invention 

10 [0011] Figure 1 shows a first embodiment of an elec- 
tronic circuit for an automatic test equipment according 
to the invention, figure 2 shows a second embodiment 
of an electronic circuit according to the invention, and 
figure 3 shows a third embodiment of an electronic cir- 

15 cuit according to the invention. 

[0012] In figure 1, a first embodiment of a pin-elec- 
tronic circuit 10 for an automatic test equipment accord- 
ing to the invention is shown. 

[0013] A signal SIG_A from a device under test is re- 
20 ceived by the circuit 1 0 on a line 1 1 and a signal SlG_B 
from the same device under test is received by the circuit 
10 on a line 12. One input of a comparator CS1 is con- 
nected to the line 11 and one input of a comparator CS2 
is connected to the line 12. The respective other inputs 
25 of the comparators CS1 , CS2 receive a voltage VTH1 , 
VTH2. The two inputs of another comparator CD are 
connected to the two lines 11, 12. 
[001 4] Each of the two lines 1 1 , 1 2 are also connected 
to a resistor R1 , R2 which both have the impedance Z 
30 of each of the transmission lines from the device under 
test to the circuit 10. The other sides of two resistors R1 , 
R2 are then connected together via a switch SW. 
[0015] Two buffers B1, B2 generate voltages VT1, 
VT2 at their outputs. The value of these voltages VT1 , 
35 VT2 may be varied by voltages VT01 , VT02 at the inputs 
of the buffers B1 , B2. The outputs of the buffers B1 , B2 
are connected to the resistors R1 , R2 at both sides of 
the switch SW. The voltages VT1 , VT2 of the buffers B1 , 
B2, therefore, constitute respective terminations for the 
40 two lines 11, 12. 

[0016] If the signals SIG_A, SIG_B on the lines 11,12 
do not require any termination, then the buffers B1 , B2 
may be switched into a high-impedance state with the 
signals HZ1 , HZ2. 
45 [0017] If the switch SW is open as shown in figure 1 , 
the circuit 10 of figure 1 provides a single-ended termi- 
nation for the lines 11,12. The line 11 and the line 12 
are independent of each other. E.g. the line 11 may be 
terminated with the voltage VT1 by the buffer B1 . Then, 
so the signal SIG_A of the line 11 may be compared with 
the voltage VTH1 by the comparator CS1 . At the same 
time, the buffer B2 may be switched into a high-imped- 
ance state and the signal SIG_B of the line 12 may be 
compared with the voltage VTH2 by the comparator 
55 CS2. In this case, the comparator CD is inactive. 

[0018] If the switch SW is open as shown in figure 1 
and if the input voltages VT01 , VT02 of the two buffers 
B1 , B2 are selected such that the output voltages VT1 , 
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VT2 of the buffers B1 , B2 are identical, then the circuit 
1 0 of figure 1 provides a differential signal operation with 
a single-ended termination. In one embodiment, the two 
comparators CS1 , CS2 are inactive and the two signals 
SIG_A, SIG_B are compared by the comparator CD. In 
another embodiment, the comparison may be per- 
formed by the two comparators CS1 , CS2 with the com- 
parator CD being inactive. 

[001 9] If the switch SW is closed and if the two buffers 
B1 , B2 are put into their high-impedance state, the cir- 
cuit 1 0 of figure 1 provides a differential signal operation 
with a differential termination. In this case, the two com- 
parators CS1 , CS2 are inactive and the two signals 
SIG_A, SIG_B are compared by the comparator CD. 
[0020] Figure 2 shows a second embodiment of a pin- 
electronic circuit 20 of an automatic test equipment ac- 
cording to the invention. The circuit 20 of figure 2 is sim- 
ilar to the circuit 1 0 of figure 1 . Therefore, corresponding 
features are depicted with the same reference charac- 
ters. 

[0021] In figure 2, the switch SW of figure 1 isreplaced 
by a diode bridge 21 and two switched current sources 
22, 23. The diode bridge 21 comprises four diodes D1 , 
D2, D3, D4. A serial connection of a current source 11 
and a switch SW1 is connected to the anodes of the di- 
odes D1, D2. The cathodes of the diodes D3, D4 are 
connected to a serial connection of a switch SW2 and 
acurrentsource-12. The cathode of the diode D1 is con- 
nected to the anode of the diode D3 and both are con- 
nected to a connection point of two resistors R1 0, R11 . 
The other side of the resistor R10 is connected to the 
output of the buffer B1 and the other side of the resistor 
R1 1 is connected to the line 1 1 . The cathode of the diode 
D2 is connected to the anode of the diode D4 and both 
are connected to a connection point of two resistors 
R20, R21 . The other side of the resistor R20 is connect- 
ed to the output of the buffer B2 and the other side of 
the resistor R21 is connected to the line 12. The two 
switches SW1 , SW2 may be switched with the help of a 
common signal DT. 

[0022] The diode bridge 21 is used in its non-resistive 
region so that it acts as a current source or a current 
sink. 

[0023] If the two buffers B1 , B2 are in their low-imped- 
ance state and if the two switches SW1 , SW2 are open 
as shown in figure 2 due to a low signal DT, the circuit 
20 of figure 2 provides a single-ended termination for 
the two lines 11, 12. The comparators CS1, CS2 are ac- 
tive whereas the diode bridge 21 and the comparator 
CD are inactive. The termination of each of the two lines 
11,12 may be programmed differently by the input volt- 
ages VT01, VT02 of the buffers B1, B2. The resistors 
R10, R11 and the resistors R21 , R21 may be selected 
such that they result in the impedance Z of each of the 
transmission lines from the device under test to the two 
lines 11, 12. 

[0024] If the input voltages VT01 , VT02 of the two 
buffers B1 , B2 are selected such that the output voltages 



VT1 , VT2 of the buffers B1 , B2 are identical, and if the 
two switches SW1 , SW2 are open, then the circuit 20 of 
figure 2 provides a differential signal operation with sin- 
gle-ended termination. 

s [0025] If the two buffers B1 , B2 are in their high-im- 
pedance state and if the two switches SW1 , SW2 are 
closed due to a high signal DT, the circuit 20 of figure 2 
provides a differential signal operation with differential 
termination of the lines 11,12. The diode bridge 2 1 and 

10 the comparator CD are active whereas the comparators 
CS1, CS2 are inactive. 

[0026] In a further embodiment, the diode bridge 21 
may also be used in its resistive region so that it acts as 
a so-called active or programmable load for one of the 

15 two lines 11, 12. In this case, the two switches SW1 , 
SW2 are closed and e.g. the buffer B1 is set into its high- 
impedance state and the buffer B2 is set into its low- 
impedance state at a first voltage. If e.g. the line 1 1 car- 
ries a second voltage, then the voltage difference be- 

20 tween the first and the second voltage is present at the 
diode bridge 21 . As a result, the diode bridge 21 repre- 
sents a load, which is programmable in particular with 
the first voltage and therefore the output voltage of the 
buffer B2. 

25 [0027] Figure 3 shows a third embodiment of a pin- 
electronic circuit 30 of an automatic test equipment ac- 
cording to the invention. The circuit 30 of figure 3 is sim- 
ilar to the circuit 20 of figure 2. Therefore, corresponding 
features are depicted with the same reference charac- 

30 ters. 

[0028] In figure 3, the two buffers B1 , B2 of figure 1 
are replaced by two drivers DR1 , DR2. Each of these 
drivers DR1, DR2 has an input, which may be pro- 
grammed with a voltage DATA1 , DATA2. 

35 [0029] In a first mode, the voltages DATA1 , DATA2 
may be programmed identical to the voltages VT01 , 
VT02 as described in connection with the circuit 20 of 
figure 2. In this mode, the drivers DR1 , DR2 of the circuit 
30 of figure 3 are used to establish a termination for the 

40 two lines 11, 12. This mode, therefore, is used for re- 
ceiving the signals SIG_A, SIG_B on the lines 11, 12 
from the device under test. 

[0030] However, the two drivers DR1 , DR2 may also 
be used to send signals via the two lines 11, 12 to the 
45 device under test, in particular a logical low level signal 
or a logical high level signal. In this mode, the inputs 
DATA1, DATA2 of the drivers DR1, DR2 are pro- 
grammed as desired by a specific test program included 
in the automatic test equipment. 

50 

Claims 

1. Electronic circuit (10, 20, 30) for an automatic test 
55 equipment for testing a device under test, compris- 
ing: two lines (11, 12) for connecting the circuit with 
the device undertest, two comparators (CS1 , CS2), 
one input of each of the comparators (CS1, CS2) 
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being connected to different ones of the two lines 
(11 , 12), a further comparator (CD), the two inputs 
of the further comparator (CD) being connected to 
different ones of the two lines (11,12), elements for 
terminating each of the two lines (11, 12), and 
switching elements being connected between the 
two lines (11, 12). 

2. Circuit (10, 20, 30) according to claim 1 wherein the 
switching elements being connected between the 
two lines (11,12) such that the circuit (10, 20, 30) 
may be used for a single-ended termination or for a 
differential termination. 

3. Circuit (20, 30) according to claim 1 , the switching 
elements comprising a diode bridge (21) being se- 
rially connected to two switched current sources 
(22, 23). 

4. Circuit (20, 30) according to claim 3, the switched 
current sources (22, 23) each comprising a serial 
connection ot a current source (11 , 12) and a switch 
(SW1.SW2). 

5. Circuit (20, 30) according to claim 3 wherein the di- 
ode bridge (21) may be used as a so-called active 
or programmable load. 

6. Circuit (10, 20) according to claim 1 , the elements 
for terminating comprising a buffer (B1 , B2) and at 
least one resistor (R1 , R2, R10, R11, R20, R21)for 
each of the lines (1 1,12), wherein the output of the 
buffer (B1) is connected to the respective line (11) 
via the respective resistor/s (R1, R10, R11). 

7. Circuit (30) according to claim 1 , the elements for 
terminating comprising a driver (DR1 , DR2) and at 
least one resistor (R1 , R2, R1 0, R11 , R20, R21 ) for 
each of the lines (11 , 12), wherein the output of the 
driver (DR1 ) is connected to the respective line (11) 
via the respective resistor/s (R1, R10, R11). 

8. Circuit (30) according to claim 7, the switching ele- 
ments comprising a diode bridge (21 ) being serially 
connected to two switched current sources (22, 23). 

9. Circuit (30) according to claim 8, the diode bridge 
(21) being connected between the two lines (11, 
12). 

10. Circuit (30) according to claim 9, the elements for 
terminating comprising two resistors (R10, R11, 
R20, R21)for each of the lines (11, 12) and the di- 
ode bridge (21) being connected to the connection 
point of the two resistors (10, 11, 20, 21) of each of 
the lines (11, 12). 

11. Circuit (30) according to claim 8, the switched cur- 



rent sources (22, 23) each comprising a serial con- 
nection of a current source (11, 12) and a switch 
(SW1 , SW2). 
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